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LOW-~-SPEED INVESTIGATION OF THE EFFECTS
OF LOCATION OF A DELTA ARD A STRATGHT TATL ONK THE
LONGITUDINATL. STABILITY AND CONTROL OF A THIN DELTA
WING WITH EXTENDED DOUBLE SLOTTED FLAFS

By John M. Rlebe and Jean C. Greven, Jr.
SUMMARY

A low-speed wind-tunnel investigation was made to determine the
effects of horizontal-tail locatlon and plen form om the longitudinal
stebllity end control characterlistics of a fuselsge and e thin delte
wing with extended double slotted flaps. The wing was a £labt plate
wlth beveled leading and tralling edges and had a maximm thickness
retio of 0.045 and 60° sweepback of the leading edge. The effects of a
retracteble canerd horlizontal surface to compensate for large diving
moments of the extended double slotted flap were determined and an inves-
tigetion was also made of en extended single slotted flap (Fowler-type

£lap).

The extended double slotted flap provided lsrge values of untrimmed
1ift coefficient throughout the angle-of-attaeck range (1.05 at an engle
of attack of 0O° with a flasp deflection of 61.3° end 1.94 at maximm 1ift
with a flep deflection of 51.2°). Satisfactory locations of a 60° delta
tall or a tall with an espect ratio of 3.06, 23° T' sweepback, and a
taper ratio of 0.394 for longitudinal stability of the model with extended
double slotted flaps deflected were indicated to be lower end further to
the rear than for flap-undeflected conditions.

Tail-incidence tests indicated that the delte taill (which had 20 per-
cent of the wing areas) or the tell with a taper ratio of 0.394 (14.5 per-
cent of the wing area) would be incapsble of providing longitudinel trim '}
wlith the extended double slotted flsp becsuse of a large diving moment
resulting from flap deflection. The use of larger tails at a taill length':
of two wing mean aerodynemic chords would result in estimated trim 11ift
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coefficients of 0.72 and 1.67 &t an angle of attack of O° and maximum
1ift, respectively. The delta tell was generelly found to be superlior
with regard to stabllity and control to the tell with a taper ratio

of 0.39%. (Both talls hed approximstely the same variation of 1lift with
engle of attack.) The addition of a retractable canard horizontal sur-
face (that was intended to be extended simulteneocusly with the flaps so
that trim could be effected by the sll-moveble delta tall) generslly
resulted in a longitudinslly stable high-lift delta-wing alrplane con-
figuration with a trim 1ift coefficlent of 0.82 at an angle of attack

of 0° and a maximm trim 1ift coefficient of 2.30. The increase in mexi-
mum 1ift coefficlent and angle of attack for meximum 11ft with ths addi-
tion of the canard to the delta-wing model 1s belleved to have resulted
largely from cansrd-surface weke effects on the wing. Trim 1ift coeffi-
clents for the extended single slotted flap were estimated to be 0.4l at
en angle of attack of O° and 1.56 at maximum 1ift.

INTRODUCTION

Investigations made by the National Advisory Commitiee for Aeronau-
tice (refs. 1 to 4) have shown that large increments of trim 1lift coeffi-
clent cen be obtalned on delta-wlng airplanes by the use of double slotted
flaps and static longitudinal stability can be mailntained up to the stall
by the use of a horizontal tall located at the proper position. These
large 11ft increments were obtalned, however, in the low and moderate
angle-of -gttack range and only relatively small gains In maximum 11£%t
coefficlent were obtalned because of a reduction of flap effectiveness

at high angles of attack,

The results of an Investigation of a modified double slotted flep
configuretion which provides large gains in 1ift coefficient throughout
the entire working angle-of -attack renge and the effects of tall locatlon
and plan form on the longitudinel stability and control of the configura-
tlion are given in the present paper. The flap arrangement, which will be
called the extended double slotted flap, differs from the conventional
double slotted flep configuretion in thet the flep end vane are displaced
to the trailing edge of the wing (similar to Fowler fleps) in addition to
be rotated to a glven flsp deflectlion. Tell confiliguratioms tested were
a 60° delta tall and a tail with an aspect ratio of 3.06, taper ratio
of 0.394, and 23° 7' sweepback of the leading edge. Both teils had approx-
imately the same varlation of 1ift with angle of attack. Ircluded in the
present paper are the results of an exploratory investigetion of a retract-
able canard horizontal surface (hereafter called a canard) which could be
used to trim (with an increase of 1ift coefflclent) the diving moment

»
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which asccompanies extended double slotted flap deflection. Results are
also presented of a limlted investlgation of a Fowler-type f£lsp on the

delta wing.
COEFFICIENTS AND SYMBOILS

The results of the tests are presented as standard NACA coefficilents
of forces snd moments sbout the stablllity axes. The positive directions
of forces, moments, end angles are shown In figure 1. Pltching-moment
coefficlents are given about the wing 25-percent-mean-serodynemic-chord
point shown in figure 2. The coefficlents and symbols are defined as
follows:

Cr, 1lift coefficilent, L/qS
Cp dreg coefficient, D/qS
Cp pitching-moment coefficlent, M/qSc
L 1ift, 1b
drag, 1b
M pltching moment, £t-1b
q free-streem dynsmic pressure, %—pva, 1b/eq £t
s wing area, 6.93 sq £t (See fig. 2)

[e]]

b/2
wing mean serodynemic chord, 2.31 £t, -g-f c2 dy (See fig. 2)
- Y0

< o

wing spen, 4.00 £t (See fig. 2)
free-stream velocity, f£t/sec
p mass density of alr, slugs/cu ft
Sf flap deflection measured In plane perpendicular tc hinge line,

deg
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Sy va.:: deflection meesured in plane perpendicular to hinge line,
&

o engle of atteck of wing, deg

c loceal wing chord, ft

¥y lateral distance from plane of symmetry measured parallel to
Y-axis, £t

z vertical location of tall with respect to chord line extended,
poritive when located above chord line extended

1 distance of tall-quarter-chord position back of wing quarter-
chord position

1 incidence of horlzontal tell, deg

ic incidence of censrd, deg

€ effective downwash angle, deg

Subscripts:

max maximm

t horizontal tail

MODEI, AND APPARATUS

The model was tested on a single-support strut In the Langley
300 MPE T7- by 10-foot tunnel.

The 60° delta wing (fig. 2(a) end table I) was the seme as that used
in references 1 to 3 with the exception of rounded tipse and a more out-
board location of the flaps (flaps in present investigation extended
from 0.18b/2 to 0.Thb/2). The wing wes made from a flat steel plate
5/8 inch thick with beveled leading end treiling edges. The thickness
varied from 0.015¢ at the root to a meximm of 0.045c near 0.67b/2.

The mahogany fuselage had the same geometry as that used in the Langley
unified wing program for supersonic f£light.

The extended double slotted flap (f£ig. 2(b) end tables IT and III)
was obtained by displacing the vane end flap to the tralling edge of the
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wing and by using the same vane-flap-gep configuration as that of the
double slotted flep configuration of reference 2. The extended single
slotted flap configuration (similar to a Fowler flap) had the seme gap
arrengement as thet of the single slotted flap of reference 2.

The various tall configurations tested on the model are shown In
Pigure 2(c). The delte tall (fig. 2(c)) was constructed of 1/h-inch
sheet aluminum with geocmetric cheracteristics similer to those of the
delta wing and had an ares which wes 20 percent of the wing area. The
straight tail (14.5 percent of the wing area) hed an aspect ratio of
3.06, a taper ratio of 0.394% and a double wedge airfoil section; con-
struction wes of sluminum. Both talls hed spproximately the seme varia-
tion of 1ift with engle of attack. The tall was located at the differ-
ent longltudinal positions by meemns of interchangeeble fuselage afterbody
blocks; positioning sbove and below the wing chord line extended
(fig. 2(c)) was accomplished by supporting the taill on 1/2-inch steel
verticael struts (fig. 2(a)). The cenard arrangement tested on the model
(£ig. 3), vwhich represented a retracteble surface, was constructed of
1/8-inch sheet aluminum having the same plan-form dimensions as the

delta tail of figure™2(b}. = .:°,
TESTS

The tests were made st a dynamic pressure of spproximately 25 pounds
per square foot, corresponding to an alrspeed of sbout 100 miles per
hour. Reynolds number for this alrspeed based on the mean aerodynemic
chord (2.31 feet) was approximately 2.2 x 106. The corresponding Mach
number was 0.13. Angles of abttack ranged from -15° to %3°, Tests were
made with the tall with e teper ratio of 0.394 located on end 0.T58
gbove the wing chord line extended at 1.0C and 1.5¢ behind the 0.25¢ loca~
tion and alsoc on and V.25 below the wing chord line extended eb a tail
length of 2.0Z (fig. 2(c)). The delta tell was located on, 0.25¢ sbove,
and 0.258 below the wing chord line extended at a tall length of 2.0¢

(£1g. 2(e)).
CORRECTIONB

Jet boundary corrections, obtained from methods outlined in refer-
ence 5, have been applied to the angle of sttack, the dreg coefficlent,
and the taill on pltching-moment coefficlent. Blocking correctlons have
been applied to the model eccording to the method of reference 6. A
buoyancy correction has been applied to the model to account for & lom-
gitudinal static-pressure gradient in the tumnel.
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RESULTS AND DISCUSSION

Presentation of Deta

The date obtalned are presented in the following filgures:

Plgure

Flap arrangements, teil off:

Extended double slotted £1a8P . « & « « « « o o s s o s o o o o « o b
Extended single slotted flap . « ¢« « &« &« ¢« ¢ ¢ 2 ¢« s « ¢ o« o« s s &« 5
Effect of flaps on 1ift coefficlents . . . . « « ¢« ¢ ¢ « « o . . 6.
Tell arrsngements with extended double slotted f£lap:

Effect of location of delta tall . .+ &« ¢« & &+ ¢ ¢« ¢« ¢ ¢ ¢« « o &« o o T
Control effectiveness of delta tall . .« « ¢« + & ¢« ¢« ¢« « « s o« « « B
Effect of location of taill with & taper ratio of 0.394 . . . . . . 9
Control effectiveness of tall with a taper ratio of 0.39%4 . . . . 10
Sumnary of the effect of the talls . . « ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢« ¢« ¢« & « 11
Cenard with extended double slotted flsp and a delta taill:

Effect of canaerd incldence . . . . 12
Et‘fec'bofta.ilincidencewithcana.rd...............13
Estimsted tail incidence required for trim and angle of

tall at L = 2.0 ¢ « ¢ ¢ & s o o s s s o« « ¢ 0o 8 e s s e e 0 o1k
Effectivedownwashansles...................15
Possible canard applicetion (sketch) . e 1)

Flap Arrangements, Tall Off

Effect of extended double slotted flap deflection.- Large increments
of lift were obtalned throughout the lift-coefficlent range up to and
including Cp for the extended double slotted flsp (fig. %). The

1ift coefficlent at en angle of atteck of 0° for the extended double
slotted flap was only slightly larger then the 11ft coefficlent for the
double slotted flap of reference 4 throughout the comparable flap-
deflection range (46° to 57°) (fig. 6). Flap effectiveness, however,
held to higher deflectlon angles for the extended double slotted flap
then for the double slotted flep. The 1ift increment at an angle of
attack of 0° for the extended double slotted flep was 1.05 (for 61. 3° flep
deflection, the highest tested) compared with 0.925 for the double slotted
flap (et a deflection of ebout 57° which the trend of the 11ft curve wita
flep deflection indicates is very nearly the optimm deflection). Exten-
sion of the double slotted flep to the wing trelling edge became much
more beneficial with regard to lift-coefficient increment as the angle of
atteck was increased. At an angle of ettack of 10°, the extension of the
double slotted flap to the tralling edge resulted in en increment of

0.30 1ift coefficlent so that a 1ift coefficient of 1.55 was produced;
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at Cr the increment was almost 0.40 resulting in a maximm 1ift

coefficlent of 1.9%. The lncreased 1ift at high angles of attack for
the flap-extended conflguration can be attributed to the larger lifting
area compared with the double slotted flsp configuration (which results
in Increased lift-curve slope when basing the coefficlents on the f£lsp-
retracted wing area) and also to the elimination of the nonlinearity of
the 1lift curve at high angles of attack. Approximately helf the differ-
ence between maximum 11ft coefficiente of the double slotted and extended
double slotted f£lap configuratlions can be attributed to the latter cause.

Larger diving moments asccompanied the increased 11ft of the double
slotted flap when extended to the wing tralling edge so that, when com-
pared on a trimmed-lift-coefflcient besis, maximm 11ft coefficlents
were closer: 1.40 for the double slotted flep and 1.63 for the extended
double slotted flap for a tall length of 2.0¢ and with flap deflections
of about 52°.

Studies of the alr flow over the surface of delta wings with double
slotted flepes by means of wool tufts have indicated that the flow over
the part of the wing shead of the flap generally becomes unstable end
separegtes earlier than the flow over the fleps. Reductlon of lift-curve
slope et high engles of attack for double slotted flaps (refs. 1 to 4)
possibly may have resulted from additional load over the wing from the
flap precipitating early wing stell. Although no pressure or tuft
studies have been mede thus far to provide evidence, it is thought that
the more lineasr 1ift curve with the extended double slotted flap (fig. k)
might be attributed to the larger wing area ahead of the flep which can
carry the additlional loading from the flap to high anglies of attack with-
out separating.

In the high-lift-coefflcient range, lift-drag ratios for the wing
with extended double slotted flep were larger then that of the wing with
flep retracted (fig. 4). Comparison with the data of reference 4 also
indicates that sbove about 1.3 1ift coefficient the extended double
slotted flap had equal or larger lift-drag ratlos than double slotted

flaps.

Effect of extended single slotted flap deflection.- A 11ft-
coefficlent increment of 0.55 at an angle of attack of 0° was obtailned
for the extended single slotted flap at a deflection of 35° (figs. 5
end 6). An increase of flap deflection to about LOC generally resulted
in only a very slight incresse in 1ift coefflcient. Throughout comparable
flsp-deflection ranges the extended single slotted flegp gave larger incre-
ments of 1ift at an angle of attack of 0° than the single slotted flap of
reference 2. However, at a given 1ift coefficient the diving moment
resulting from extended single slotted flap deflection was larger than
that resulting from deflection of the single slotted flep of reference 2.
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Addltional down loaed on the tall required to trim the larger diving
moment would reduce the difference in 1ift coefficlent for the two flaps
at a given angle of attack. Trim 1ift coefficients for the model with
the extended single slotted flap and with a horlizontsel tail at 2.0C were
estimated from the tail-off tests to be 0.41 and 1.56 at an angle of
attack of O° and maximm 1ift, respectively.

Extended Double Slotted Flaps

Effect of location of the delta tell on longitudinsl staebility.- A
previocus Investigetion of the effect of location of the delta tail on
the model with delta wing and double slotted flaps (ref. 4) has shown
that the most satisfactory tall locatlons for longitudinal stebllity were
at rearwerd positions on the chord line extended or at positions below
the chord line extended. Delta-taill tests for the present investigastion
with extended double slotted flaps (fig. 7) were therefore restricted to
the rearwerd positions (1 = 2.08). The results were similar to those of
reference 4: a longitudinelly steble confilguration occurred with the
delta tall located on or below the chord line extended and longitudinsl
instabllity resulted when the delta tell was located above the chord line
extended (figs. T and 11). The aspproximate region (determined largely
from ref. T) et which location of delta tails behind delte wings with
flaps zero resulted in nonlineasrity of the pltching-moment-coefficlent
curve and longltudinal I1nstability over part of the lift-coefficient
renge 1s included 1n figure 11. :

With the tail off, the extended double slotted flap model had an
unstable bresk of the pitching-moment curve at high angles of attack.
As was concluded in reference 4 with double slotted flaps end in refer-
ence T with flape zero, longltudineliy stable locetlions of the delta
tall behind the delta wing with the extended double slotted flaps can be
attributed to regions of stabilizing downwash effect at high angles of
attack resulting fram vortex flow behind delta wings. Changes 1n dynamic
pressure at the tell were found in reference T to have a minor effect.

Control effectiveness of the delte tall at locetions for longltudi-
nal staebllity.- When located at positions for longitudinel stability
(1 = 2.0% with z = -0.25¢C and O, figs. 8(a) and 8(b), respectively) the
delta tail would probably be incapable of providing longltudinel trim in
the high-lift-coefficlent range for the model with extended double slotted
fleps. The effectiveness of the delta tall with extended double slotted
fleps wes ebout the same as that with double slotted flap of reference L.
The large diving moment resulting from deflection of the extended double
slotted flap, however, requires tall 1ift coefficlents for longitudinal
trim et high angles of attack which are beyond the capabllities of the
delte tall. The large diving moments near maximum 1lift (Cm approximately
-0.66 tall off) would require a down loed when trimmed in pitch for

.
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1 = 2.02 which would reduce O from 1.99 to 1.66. (Slight differ-

ences 1n estimated trim 11ft coefflcients here and glven previously are
caused by different tail-off fuselsge lengths.)

Effect of location of the tell with a taper ratio of 0.394 on lon-
gltudinal stabllity.- The effect of location of the tall with a taper
ratio of 0.3594 on the longitudinal etebllity of the model with extended
double slotted flape (fig. 9) wes somewhat similar to the stebility cher-
acteristics of the model with the delta tall and elther extended double
slotted (fig. 7) or double slotted fleps (ref. L4); that is, tail posi-
tions above the chord line extended were longitudinslly unsteble over
part of the angle-of-attack range and rearwerd taill positions on and below
the chord line extended were generally longitudinally steble (fig. 11).
However, almost neutral stabllity existed in the intermedlate emgle-of-
atteck range (o = 0° to 8°) when the tall with a taper ratio of 0.394% was
located on the chord line extended and en unstable break occurred at the
stall when located below the chord line extended. Corresponding location
for the delta tall with about the seme Incldence angle showed only slight
reduction in stebillity at the Intermediste angles of ettack and a stable
pltching-moment break at the stall. Both tail plan forms produced sbout
the same longltudinel stebilllty in the low engle-of-attack range. The
difference in stabllity at the other 11ft coefficlents might be attributed
to the dispositlion of the area of the two plan forms. With the tail mean
serodynamic quarter chord at the same position, the tall with a taper
ratio of 0.394% has a large part of lts area more forward end more outboard
than the erea of the delte tall. A large area of the tall with a taper
ratio of 0.394 is thus effectively in & latersl locetion where with
increasing angle of attack 1t 1s more difficult to get out of a region of
high downwash Into low downwash as the horizontal tsll traverses across
the large tralling vortices which occur behlnd the delta wing. As shown
in figure 15 which glves effectlve downwesh angles for the two tall plan
forms, the staebilizing region of the varlation of downwesh angle with
angle of attack starts at higher angles of attack for the tall with a
taper ratlio of 0.394 than for the delta tail.

Control effectiveness of the tell with e teper ratioc of 0.394 at
optimm locetions for stebility.- The tell with & taper ratio of O.304
was unsble to provide longitudinal trim at any 1ift coefficient when
located at one of the more favoreble posltlons for longitudinal stablility
(tell length of 2.0Z on the wing chord line extended, fig. 10). As with
the delta tall, this deflclency resulted from the lerge diving moment
with deflection of the extended double slotted £lap which required 1ift
loads beyond the cspabllities of the tall. Practlically no pltching-
moment effectliveness was present for negative tall-Incldence engles and
thlis lack of effectliveness probebly resulted from the high effective
downwaesh engle (fig. 15) end the lower stall angle of attack for the
straight tall then for the delta tall.
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Canard With Extended Double Slotted Flap and Delta Tell

A possible method of obtalning- longitudinal trim and the high 1lift
coefflclents of the extended double slotted flap arrangement at high
angles of attack end of using the large diving moments (accompanying
extended double slotted flap deflection) to an advantange would be the
use of g canard surface which would be retracted inside the fuselage for
the clean flight condition and extended when the extended double slotted
flape were deflected. BSuch an arrangement would provide an addition to
1lift and & nose-up moment to the elrplane. An arrangement that might be
used is shown in figure 16, which is a sketch of a delta-wing alrplane
wilth extended double slotted flaps in the landing conditlion as seen from
below. The front landing-gear doors have been opened laterally to a hori-
zontal posltion in order to provide additional 1ift and nose-up moment
to the alrplene. Unpublished tests in the Langley 300 MPH T7- by 1lO-foot
tunnel have shown that delte wings which are portions of a cone (as are
the doors in the sketch) will provide 1lift comparable to straight delta
wings. For simplification of testing a retractable canard arrangement
has been simulated in the present lnvestigation by a delta wing mounted
at the fuselage nose (fig. 3).

Effect of canard lncldence.- The cenard hed pronounced effects on
both the 11ft and pliching moment of the model with extended double
slotted fleps. The asddition of the canard increased the maximum 1ift
coefficlent and extended the engle of attack for maximm 1ift (fig. 12).
The canard at an Inclidence angle of 10° had the largest effect so the
maximm 11ift coefficlent was increased from 1.95 to 2.45 and the angle
of attack for maximum 1ift was extended from 23° to 30°. However,
throughout most of the extended engle-of-attack range, the model had
large longitudinel instebility. Smaller increases in maximum 1ift coef-
fliclent occurred for the higher cenard incldence engles. However, a
reduction of the longitudinal instebllity in the high angle-of-attack
range occurred with increased canard incidence so thet with 1, = 25°

the high-angle-of-attack instabllity was restricted to a small l1ift-
coefficient renge. As shown Iin figure 12 the increment of 1ift resulting
from addition of the canard was greater at high angles of attack than at
low angles of attack. For example, the addition of the canard at 20° inci-
dence increased the 1ift coefficilent 0.17 at an angle of attack of 9°;
however, at an angle of attack of 24° the increase in 1ift coefficient

was 0.k, With cenard off the 1lift coefficient decreased with angle of
attack beyond approximstely an angle of attack of 23°©. The increase of
1ift coefficient with angle of attack beyond 23° when the canard surface
was added to the model cannot be attributed entirely to increased 1ift

on the cenard slore but probebly resulted from an effect of the canard

on the wing 1ift. This effect can be noted from figure 12 which shows an
increase of 1lift coefficient when model angle of attack was increased but
shows no increase or s decrease in 1ift when cenard Incldence was increased
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(beyond 1, = 10°). This result suggests that the vortex wake from the
caenard surface is heving an effect on the 1ift of the wing 1tself and
will probably result in a more favorehle 1lift distribution on the wing.
A similer Increase 1n maximum 11ft coeffilclent with the addition of a
canard tell to a delta wing with flsps zero, although not discussed, was
found in the date of reference 8.

The eddition of the canard to the delta-wing model resulted In &
nonlinearity of the Hift-coefficlent curve in the angle-of-sttack range
near zero, particularly for the confliguretion with the canerd st 25° ineci-
dence. Canerd deflections beyond 15° provided only small chsnge in
pltching-moment coefficlent beyond an sngle of sttack of 109, Canard
effectiveness fell off when the total of the model angle of attack and
canard incidence angle was greater than 25°. This result might be
expected because the stall angle of delta wings with flaps zero is near
the region of 30°. However, part of the apparent drop-off in pitching-
moment effectlveness st high Incidence angles might be caused by & reduc-~
tion of canard vortex effect on the maln wing. If the stsble pltching-
moment curve with the high canard incidence angle 1s caused primarily
from seperation of alr flow over the censrd, dynamic longitudinel stabil-
1ty deflclencies might result for an airplane with such an srrangement.
In the cese of rapid pull-up, cenard stell might be momentarily delayed
and might result in pitch-up of the airplane.

Effect of delte-taill incidence with fixed canard.- For the three
copfigurations for which delte-tall effectivencss was Investigated at a
tail length of 2.08 (z = O and ~0.25¢ with 1. = 20°, figs. 15(a) and
13(b), respectively, emd z = -0.25¢ with 1, = 259, fig. 13(c)), lon-
gltudinal trim could be cbtalned throughout the angle-of-attack range.
Maximum trim 1ift coeffliclents obtalnable ranged from 2.0 to gbout 2.3
depending on test arrangement.

Longlitudinsg]l instability occurred below a 1lift coefflclent of 1.5
for the configuretion with the canard at 20° and the tell located on the
chord line extended (figs. 15(a) and 14). More satisfactory longitudinal
stabllity resulted when the tall wes located below the wing chord line
extended (fig. 15(b)). However, for this configuration slight longitudi-
nal instabllity occurred near maximum 1ift coefficient end longltudinel
instabllity was elso present at low I11ft coefflcients corresponding to
the negative angle-of -gttack renge. Scme improvement in longltudinsl
stability wes effected by reducing the flsp deflection from 56.2° to 51.20
80 that the flap diving moment was reduced end thus the requlred negative
tall incidence. The most satisfactory arrangement tested wlth regard to
longitudinal stebllity occurred with the canard fixed at 25° and with the
tail located below the wing chord line extended (fig. 13{(c)). The maxli-
mm trim 1ift coefficlent avallable for the 1, = 25° configuration was
gbout 2.0; the maximum 11ft coefficlent ob'ba.ined. with 1o = 20° was 2.3.
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The pitching-moment breek at the stall wes stable with 1, = 25° and

longitudinal stebllity was present at angles of atteck to at least zero
end may exlist at negative angles but lack of it Ffor trim data prevents

actual determinstion 1n the negative angle-of-sttack range.
CONCLUSIONS

A low-speed wind-tumnel investligation to determine the effect of an
extended double slotted flep and horizontel-tell locetion and plan form
on the 1ift, longitudinal stebility, and longltudinal comtrol character-
1stics of a thin delta-wing fuselage model indicates the followlng
conclusions:

1. Large values of untrimmed (taill-off) 1lift coefficient (1.05 et
zero angle of sttack and 1.94 at maximum 1ift) were obtained throughout
the working angle-of-attack range with the extended double slotted flap.
Estimated trimmed 1ift coefficlents for the model with a tall length of
2.0C and a flap deflection of 56.2° were 0.71 at an angle of attack of o°
and 1.6k et maximm 11ft. '

2. Satisfactory location of a 60° delta tall or a taill with en
aspect ratio 3.06, 230 T' sweepback of the leeding edge, and a taper
ratio of 0.394% for longitudinsl stability of the model with extended
double slotted flaps was generally at rearward positions on the wing
chord line extended or at positions below the chord line extended.

3. Tell-incidence tests indicated that the delta tail (which hed
20 percent of the wing area) or the tall with a taper ratioc of 0.39L
(14.5 percent of the wing area) would be incapable of providing longitu-
dinal trim with the extended double slotted flsp because of e large
diving moment resulting from flap deflection.

4. The delta-plen-form tall was generally found to be superlor with
regard to stabllity and comtrol then the tail with a teper ratio of 0.39%k.
(Both talls hed aepproximately the seme variation of 1ift with angle of
attack.)

5. Imvestigation of a retractable canard, thet was Intended to be
extended simultaneocusly with deflection of the extended double slotted
flep, resulted in a generally longltudinelly steble high-11ft delta-wing
airplane configurstion with a trim 11ft coefficlent of 0.82 at an angle
of attack of 0° and & maximm trim 1ift coefficient of 2.3.

6. The increase in meximm 1ift coefficient and angle of atteck for

meximm 11£t with the addition of the canard to the delta-wing model 1s
belleved to have resulted largely from canard-surface wake effects on the

wing 11ft.
—



e

NACA RM 153726 L7 13

T. Trim 1ift coefficlente of the model with an extended single
slotted £flap and a horizontal-tell length of twlce the mesn serodynamic
chord were estimsted fram tall-off tests to be 0.4l end 1.56 et an angle
of attack of O° and maeximum 11ft, respectively.

Langley Aeronautical ILeboratory,
Nationsel Advisory Committee for Aeroneutics,
Langley Field, Va., October 15, 1953.
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TABLE I.- PHYSICAL CHARACTERISTICS OF THE TEST MODEL
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Thickness of £lat plate (maximm thickness ratio, 0.045) in.
Aresa, 8q £t

Aspect ratlo .

. 0.13
3.6
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TABLE II.- ORDINATES OF THE VANE
l:All dimensions are in :anhes]

w
Station Lower surface Upper surface
0 0 Y
-025 '0%7 -051
075 -.105 .100
.125 -.125 130
175 -.139 <153
.225 -.145 X175
275 - 145 130
325 -.138 -205
.)-FOO --125 0219
. 500 -.099 221
.600 -.07h -215
. T00 -.055 205
.800 -.0ldt .180
.900 -.039 -153
1.000 -.042 115
1.100 -.050 075
1.200 --066 -025
lo}& --083 —-032
l.m —-105 -.085
1.500 -.153 =153
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TARIE ITI.- ORDINATES OF THE ILEADING EDGE OF THE TRAILING-EDGE FLAP
[All dimensions are in.inches:l

(__

8tation Upper surface Lower surface

0 -0.15 -0.15

.1l .01 -.25

- .2 .08 -.27
-,'l' 118 --Q

-6 025 --30

» .8 .30 -.31
1.1 «3L -.31

:/ -
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Figure 1.- System of stabllity axes. Positive values of forces, momemts,
and angles are indicated by arrows.
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(a) Details of fuselage and wing.

Figure 2.~ General arrangement of the wing, fuselage, horigontal tall,
and taill location tested. All dimensions are in inches except whare
noted.
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(b) Details of flaps.
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MHare 2.- Continued.
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Canard planform size
was rhe same as
delta tail (figure 2c)

g
% thick with

rounded edges i

Section’8-8"
camard deflected 20°
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£
Iﬂ' .

1.98¢

Figure 3.- Canard detalls.
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T Figure k.- Effect of deflection of the extended double slotted flaps on
the longltudinal aserodynamic characteristics In pitch of the delta-wing—
fuselage model. Tall off; fuselage with 1.0€ afterbody. (af = 0° con-

figuration hed e 1.5¢ fuselege afterbody.)
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Figure 5.~ Effect of deflection of an extended single slotted flap on the
longitudinal aerodynemic characteristics in pitch of the delte-wing—
- fuselage model. Tgll off; fuselege with 1.0% afterbody. (sf = 0° con-

figuration had a 1.5C fuselsge afterbody.)
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Figure T.- Effect of locatlon of the delts horizontal tall on the
longitudinal aerodynemic characteristics in pitch of the delta-wing-—-
fuselage model with extended double slotted flaps deflected 56.2°,

1 = 2.0c.
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(a) 1 =2.08; z = -0.25¢C.
Figure 8.- Effect of incidence of the delta horizontal teil on the

longitudinal aserodynamic characteristics in pitch of the delta-wing—
fuselage model with extended double slotted fisps at 56.2°.
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Figure 8.- Continued.
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(b) 7 =2.08; z = 0.
Figure 8.~ Continued.
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Figure 9.- Effect of location of the tail with a taper ratioc of 0.394% on
the longitudinal serodynemic characteristics in pltch of the delta-
wing—fuselage model with extended double slotted flaps at 56.2°.
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Figure 10.- Effect of incidence of the tail with a taper ratio of 0.39%
on the longitudinal aerodynsmic characteristics in pltch of the delta-
wing--—fuselage model with extended double slotied flaps at 56.2° deflec-
tion. z =0; 1 = 2.08,
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tall and extended double slotted flaps deflected 56.2°. 1 = 2.0Z end
zZ = -0-25(!.



40 S NACA RM 153326
/8
17 LN
\
6 1
L5 A
/4 /
' i
/3 y
o In 2N
12 v ?g gffg by <
o Off off L gy
L/ O Off -5 7
o 0 45
A /0 -5 -
/ n /5 -I5 »:
D 20 /15 -
Co g a 25 45 /A
& %
7 77
A
6 s /‘
| A
S i A
4 S o
.3 ‘5 ; /O'/l
L~
2
N
o
c 2 4 6 8 0 2 4 B B 20 22 24
Cr

Flgure 12.- Concluded.

Conmmuil



_NACA RM I53J26 . L1

-~
P o]
/ . ..\‘ N ‘\ >
ENAN
m—-: e I T
Cm p F;JA‘ J7E+ T
] g — - \
A
2 .
y
'23 !{
-4
/n
deg
o -3.58
N 250
O 2270
A 2900
v 1250
K Sr=562
[ ——— 8p=512
24
2 - =
a,a'e%
0
-8 ¥
o 2 # £ 8 [0 [2 4 [6 [ 20 22 24

CrL
() 1, =20% z = 0.

Figure 135.- Effect of delta-tall incldence with canerd on the longitudinal

aerodynamic charascteristics in pltch of the delta-wing--fuselage model
wilth extended double slotted flaps. 1 = 2.0C.



T NACA RM I53J26

&
k™

/
L i

~

S

A
1/ /’7?
iy / N

-12.50 A
-2270 a7 4

399 %A

— I =56.2° %7
-———8re512°

SO rn

AN\

&

Q ~ N W X v b Ny b b

Q

2 4 6 & [0 2 4 6 [8 20 22 24
C,

(a) Concluded.

Figure 13.~ Continued.



NACA RM I53J26 <. L3
< X} i T g o B \\\
| S
/ 3 st [~ ANEE S =
0 __/ \\ ‘E\ |D\ ™
N et Ao
_/ \\ ‘ﬁJ’ f
Cm ~ ] RNEAN K
=2 \\ \\@—\
: [ B
.3 — 16|
- > N /
ol N
-4 o ol
~| o
=5
/
. dé’
o Off
o 0
. n -0
o /5
a -25
A 2877
A 25
8r=56.2°
32 ———8r=5/2° o
g"s’—
P e < BP0
/6] /’4'@/
a,abga =
2 —
0 :
Y] O
=
b TrtErF ¢ |

o 2 4 6 &

Cr

o 12 4 /6

(b) 1. = 200; z = -0.25¢.

Figure 13.- Contlnued.

I8 20 22 24 Ze



YRR NACA RM 15326

/ 0
/
/. -
/ Y
15 ,
13 7
/2 '
&l
I/ .
7 .
G, 4 deg /F
o > Off
9 o o / /A/
. [} -0 rd :
o -85 4
<25 .
a ‘288 T 7
4 8%
3ra562° 4
..-—--J:IJ,Z’ / - ALY g /
6 A A )
5 s .z‘j A
. pali
4 £ FuC
3 “T I3 - ¥ox
2
J
G2 4 €6 5 10 12 17 (8 18 20 22 27 z¢

Ce
(b) Concluded.

Figure 13.- Continued.



45

NACA RM I53J26

N el

SAN|

6 1§ 20 2z 271

N \\‘

[ 4

\\

1072 12
G

.6

e 2 <4

(e) 1. =25% 5 -0.25¢.

Flgure 13.- Continued,



46 R NACA RM 153J26
18
17 < -\'lh
\‘s
£6] i
/L5 -
/4 - b
deg f[
L3 b -0 S|P
g -
] g f8s6 i3
. 2 Er J 77/
v O /
L/ o ¥
o B
p /| N4/
A//’,f /
Vi
.7 A8
@ . AP K
A4
7 2 A /74
V1 / f
// //
& A A
- A A
o~ - L7 ’/,K./
. e Lane
= I
3 ] [ny
-
A
0
0 Z 4 £ 8 10 2 4 [ [& 20 22 24
73

(c) Concluded.

Figure 13.- Concluded.



-28 —
Z e
-24 -25¢ 25 / .
——- 25 20 /
20— 0 & /
/’/ P f
e /
-16 7 7

,"!;// /
-12 /r / Il
it Pa fl
~ |
-8 ,?“\‘ 4 ;F
”/a’ /’(""-.. - //
- d """--.,_.___h el |~
.4 /|

0 2 4 N-) g 0 12 L /6 8 20
Cp

Pigure 1k.- Estimated deltm-tail incidence required for trim at 1 = 2.08,
Extended double slotted flap deflection 56.2°.

92re ST WY VOVN

L%



48 W NACA RM 153726

- Extended double slotted flap, faper ratio 394 fail, z=0,
-=—— —~~—— Exlended double slotted flap, delta tail,z=0
28 Extended double slotted flap,dslta tail, z=-25¢
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Figure 15.- Variation of the effective downwash angle with angle of attack.
Flaps deflected 56.2C.
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Figure 16.- Retractable canard srrangement on a delta-wing airplane with
extended double slotted flaps.
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